regulation of HDAC5 in the striatum in vivo may suggest new hypotheses of how modulation of this pathway impacts the striatal circuit plasticities that underlie reward-related behaviors.
Finally, questions are raised by this study about the importance of HDAC5 regulation at different phases in the behavioral response to cocaine. The Taniguchi study proposes that after both acute and repeated exposure to cocaine, the dephosphorylation-induced nuclear import of HDAC5 functions in the NAc to drive homeostatic compensations that limit the rewarding effects of psychostimulants, similar to the actions of many other transcriptional regulators including CREB (Carlezon et al., 1998) , MEF2 (Pulipparacharuvil et al., 2008) , and MeCP2 (Deng et al., 2010) . By contrast, Renthal and colleagues showed enhanced Ser259 phosphorylation and export of HDAC5 from nuclei of striatal neurons after repeated exposure to cocaine and suggested that this decrease in the nuclear activity of HDAC5 positively mediates reward (Renthal et al., 2007) . Given the high degree of sequence conservation surrounding Ser259, 279, and 489 among all the class IIa HDACs, it is possible that the Renthal study could have been detecting these changes on HDAC4 or HDAC9 rather than HDAC5. Alternatively, the regulation of HDAC5 phosphorylation may change as cocaine administration passes from repeated to chronic, perhaps even as a direct result of the early homeostatic cellular adaptations to acute cocaine exposure. If this is the case, then future elucidation of the mechanism of this regulatory switch might reveal maladaptive responses to chronic cocaine that could underlie the transition to addiction.
In addition to activity-dependent neurotransmission, neurons can undergo spontaneous activity-independent neurotransmitter release with low probability. In this issue of Neuron, Ramirez et al. (2012) now identify the noncanonical endosomal SNARE Vps10p-tail-interactor1a (Vti1a) as a regulator of spontaneously fusing vesicles.
Spontaneous neurotransmitter release was discovered in the 1950s (Fatt and Katz, 1952) and corresponds to the fusion of single synaptic vesicles (SVs) at the presynaptic terminal with low probability and frequency of 0.01-0.02 Hz per release site. Synaptic events produced by spontaneous fusion in contrary to those arising from action potential (AP)-dependent release have smaller amplitudes and are called ''miniature events.'' Whether such miniature synaptic events represent a true means of neuronal communication or can be regarded as fusion accidents and thus noise in the system has remained a matter of fierce debate. A number of studies have suggested that spontaneous neurotransmission regulates maturation and stability of synaptic networks, local dendritic protein synthesis, and homeostatic plasticity (Kavalali et al., 2011; Sutton et al., 2006) . The underlying cellular and molecular mechanisms, in particular the question of whether and how spontaneous transmission is segregated (i.e., at the cellular or [sub]synaptic levels) and differs from evoked neurotransmitter release, remain unresolved (Kavalali et al., 2011) . Recent studies have come to controversial conclusions regarding the origin and molecular identity of SV populations giving rise to spontaneous versus AP-driven/evoked neurotransmitter release. While Klingauf and colleagues have presented data that favor a common origin of SVs undergoing spontaneous and evoked fusion (Hua et al., 2010) , Kavalali and coworkers (Chung et al., 2010) along with Fredj and Burrone (Fredj and Burrone, 2009 ) have concluded that both types of neurotransmission are fueled by distinct SV populations. Furthermore, the molecular interactions driving spontaneous versus evoked release seem to differ (Deá k et al., 2006; Xu et al., 2009) .
Based on the premise that distinct SV pools may differentially contribute to various forms of synaptic transmission, Ramirez et al. (2012) reasoned that spontaneously fusing SVs may in fact be distinguished by molecular composition from their counterparts involved in AP-driven exocytosis. SVs are known to contain a number of SNARE proteins besides the canonical SNARE synaptobrevin 2 (Syb2) (Takamori et al., 2006) , a crucial factor for evoked release that acts via complex formation with its cognate SNAREs syntaxin and SNAP-25 on the plasma membrane. Among the noncanonical SNAREs found on SVs are the endosomal proteins Vti1a and vesicleassociated membrane protein 7 (VAMP7, also called Ti-VAMP) (Takamori et al., 2006) . Vti1a, by associating with VAMP4, syntaxin 6, and syntaxin 13, regulates fusion of early endosomes. An isoform of Vti1a is enriched on SVs and has been postulated to form a distinct SNARE complex with unclear function (Antonin et al., 2000) . VAMP7 mediates exocytosis of lysosome-related organelles and may regulate neurotransmission at hippocampal mossy fiber synapses (Chaineau et al., 2009) . To investigate whether these noncanonical SNAREs differentially regulate evoked versus spontaneous release, Ramirez et al. (2012) first characterized the exo-endocytic trafficking of Vti1a and VAMP7 tagged with a pH-sensitive GFP moiety commonly referred to as pHluorin. In hippocampal neuronal cultures, pHluorin-tagged Vti1a and VAMP7 appear to be localized to synapses where they reside in acidic compartments, most likely SVs, although a fraction of them may be targeted to endosomes. When Kavalali and coworkers compared the exocytic behavior of their various SNARE-pHluorin chimeras they noted surprising differences: AP stimulation at 20 Hz caused the exocytic fusion of a sizeable fraction of Syb2-pHluorin as expected, whereas Vti1a-pHluorin and VAMP7-pHluorin were only reluctantly mobilized. By contrast, when they probed spontaneous neurotransmission using the v-ATPase blocker folimycin to prevent postfusion reacidification of SVs, they observed that Vti1a-pHluorin underwent substantial fusion detectable by fluorescence dequenching. VAMP7-pHluorin showed only modest levels of exocytosis both in the presence or absence of electrical stimulation. These data suggest that Vti1a preferentially traffics at rest. As differential behavior of pHluorin-tagged SNAREs could originate from different synapses (Kavalali et al., 2011) , the authors produced spectrally shifted pHluorin variants tagged with the DsRed derivative mOrange, which also exhibits pH-dependent changes in fluorescence. Coexpression of Syb2-mOrange together with Vti1a-pHluorin or VAMP7-pHluorin indeed confirmed that Vti1a-containing acidic organelles spontaneously fuse at rest, in contrast to the behavior of Syb2 within the same synapse.
But is Vti1a a mere passenger of spontaneously fusing organelles or does it play an active role, i.e., via regulating the fusion process? To address this question Ramirez et al. (2012) knocked down expression of endogenous Vti1a by lentiviral expression of short hairpin shRNA and analyzed miniature inhibitory (mIPSCs) and excitatory postsynaptic currents (mEPSCs). In agreement with the optical imaging findings, loss of Vti1a was associated with decreased mIPSC and mEPSC frequencies (e.g., the number of spontaneous fusion events) whereas the amplitudes of evoked responses were unaltered, suggesting that neither postsynaptic defects nor changes in vesicle biogenesis were underlying these differences. Moreover, defective spontaneous transmission could be rescued by coexpression of Vti1a-pHluorin in the same neuron. Conversely, overexpression of a truncated variant of Vti1a (DN) presumed to be in a constitutively active open conformation resulted in an increased probability for spontaneous fusion.
How can these data be reconciled with the known phenotype of Syb2 knockout mice (Schoch et al., 2001 ) that display not only strongly impaired evoked neurotransmission but also reduced miniature frequencies? Moreover, as loss of Vti1a does not completely abrogate spontaneous neurotransmission, there remains the question of which factor(s) may compensate for Vti1a function. Knockdown of Vti1a in Syb2-deficient neurons essentially abolished spontaneous neurotransmission, whereas overexpression of DN-Vti1a-pHluorin increased spontaneous exocytosis in the absence of Syb2, arguing that Vti1a and Syb2 have overlapping functions in spontaneous release yet operate independently of each other (Ramirez et al., 2012) .
The authors favor a model in which Vti1a is preferentially targeted to SVs undergoing spontaneous fusion, in contrast to Syb2, which targets SVs undergoing AP-induced evoked release, whereas VAMP7 may reside in the resting pool. The latter is consistent with a recent report in Neuron identifying VAMP7 as a selective marker for SVs reluctant to undergo exocytosis (Hua et al., 2011) . However, in contrast to Ramirez et al. (2012) , Edwards and colleagues suggest a role for VAMP7 in spontaneous neurotransmission that according to their data involve SVs from both the resting and recycling pools (Hua et al., 2011) . Future studies will be necessary to further distinguish and explain the apparent differences between these findings. In any case, the data from both of these papers (Hua et al., 2011; Ramirez et al., 2012) challenge the view that all SVs pools are in principle functionally equivalent (at least at a given synapse). Instead, SV composition and/or localization appear to differ even within a single bouton, allowing for subtle modes of regulation of spontaneous versus stimulus-evoked neurotransmitter release (Figure 1 ) and of SV pool sizes. However, alternative explanations for the SNARE heterogeneity observed cannot be completely ruled out. Both Vti1a and VAMP7 are well-known regulators of endosomal function and it is conceivable that small synaptic endosomes contribute to spontaneous neuroransmission, either by undergoing membrane fusion or by regulating SV exocytosis indirectly (e.g., via sorting processes). If one assumes that SVs indeed are heterogenous with respect to SNARE composition and release properties, the question arises as to how such heterogeneity and functional specificity is achieved and maintained during their exo-endocytic itinerary. One possibility is that spontaneously fusing vesicles represent an immature pool ''leftover'' from early stages of neuronal differentiation characterized by high rates of spontaneous release but few evoked responses (Basarsky et al., 1994) , though experimental proof for this is lacking at present. Nonetheless, with the identification of Vti1a as a marker for spontaneously fusing vesicles, the stage is set for future studies aimed at addressing the detailed mechanisms governing SV heterogeneity and functional specificity and, more broadly, the relationship of SV heterogeneity to synaptic function and plasticity. Based on the findings by Ramirez et al. (2012) , stimulus-evoked and spontaneous fusion events correspond to fusion of distinct SV pools with differential SNARE composition. SVs containing high levels of Syb2 but low levels of Vti1a (red) would preferentially fuse upon AP-depolarization of the presynaptic membrane. At rest, another pool of vesicles containing high levels of Vti1a, but low levels of Syb2 (blue) define spontaneous miniature fusion events. Yet another pool of vesicles (green) comprising both Vt1ia and VAMP7 within the resting pool may stochastically fuse at rest.
